Purpose: The systemic inflammation response index (SIRI), based on peripheral neutrophil, monocyte, and lymphocyte counts, was recently emerged and used as a novel tool in predicting prognosis in different types of cancer. Our aim was to investigate the clinical significance of preoperative SIRI in patients with resectable pancreatic ductal adenocarcinoma (PDAC).
Introduction
Pancreatic cancer is a common malignant tumor characterized by fast progress and poor prognosis. It is now the fourth leading cause of cancer-related mortalities in the United States, and the overall 5-year survival rate is approximately 8%. 1 In
China, the incidence of pancreatic cancer has increased sharply in the past few years, and it now ranks the ninth among all causes of cancer death. 2 Surgical resection remains the only potential curative treatment. However, due to the high incidence of postoperative recurrence and metastasis, the 5-year survival rate for patients after radical surgery is only around 25%.
anatomical features of tumor specimen, and thus can only be available for evaluation after surgery. However, a considerable proportion of pancreatic cancer patients are diagnosed at advanced or late inoperable stages, often making radical resection impossible. In addition, patients with the same resection procedure and therapy procedure usually have different outcomes, which brings difficulties to clinicians when making treatment strategies. Therefore, more effective preoperative biomarkers should be identified to provide more reliable prognostic information for pancreatic cancer patients. It is widely recognized that local immune response and systemic inflammation plays an important role in the initiation, development, and progression of many solid tumors. 4 The routine immune and inflammatory cells such as neutrophils, lymphocytes, and monocytes can promote the intravasation of tumor cells into the circulation system and the formation of distant metastasis, which contributes to the poor outcomes of patients. 5 In clinical practice, systemic inflammation is directly indicated by peripheral blood counts of immune and inflammatory cells and acute-phase proteins such as C-reactive protein.
New inflammation indexes based on the integration of these conventional inflammatory parameters, such as neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), prognostic nutritional index (PNI), and systemic immune-inflammation index (SII), have shown potential prognostic values in several studies. [6] [7] [8] [9] It has recently been reported that systemic inflammation response index (SIRI), based on peripheral neutrophil, lymphocyte and monocyte counts, can be applied to predict the survival in different types of tumor. [10] [11] [12] [13] Neutrophils can aid tumor cells to evade immune surveillance and adhere to metastatic target organs. 14 They also facilitate tumor angiogenesis by producing proangiogenic factors. 15 Meanwhile, neutrophils can secrete large amounts of reactive oxygen species and nitric oxide, both of which lead to disorders of T-cell activation. 16 Tumor-associated macrophages (TAMs) are derived from circulating monocytes, which can be recruited to the tumor tissue and promote the growth and migration of the tumor. 17 In addition, they also induce the apoptosis of activated T cells and accelerate the formation of new tumor vessels. 18 Peripheral monocyte counts may reflect the level of TAMs, and higher monocyte counts are considered to be negative markers for tumors. Lymphocytes are crucial components of the immune system, serving as the main defense against cancer cells. They control tumor progression by releasing cytokines such as interferon-γ and tumor necrosis factor-α. 19 Downregulation of peripheral lymphocytes impairs host's anticancer immunity and increases the incidence of tumor cell dissemination. The index SIRI combines the above cell types and reflects the complex interplay between immune and inflammatory cells in the tumor microenvironment. However, the prognostic significance of SIRI in operable pancreatic cancer is still unclear to date. The purpose of this study was to examine the prognostic ability of SIRI using two independent cohorts of patients with pancreatic ductal adenocarcinoma (PDAC) who underwent radical surgery.
Materials and methods

Patient selection
We retrospectively recruited 371 patients who were diagnosed with PDAC and underwent radical surgery from January 2011 to December 2013 at our institution as the training cohort. were obtained within 1 week before surgery and detected in laboratory department. Five inflammation-based scores were defined as follows: 
Follow-up
All patients were regularly followed up after surgery. Physical examinations were performed, and peripheral tumor biomarkers were measured for each patient every 3 months. Enhanced abdominal computed tomography (CT) or magnetic resonance imaging (MRI) were routinely performed every 6 months. If local recurrence or distant metastasis was suspected, image examinations including CT, MRI, bone scans, and positron emission tomography-computed tomography (PET-CT) were selectively conducted immediately. OS was defined as the interval between the date of surgery and death or the last follow-up visit. Recurrence-free survival (RFS) was defined as the interval between the date of surgery and tumor recurrence or the last follow-up visit. The last follow-up time was October 2017.
Statistical analysis
All statistical analyses were performed using SPSS 21.0 (Chicago, IL, USA). The optimal cutoff values of NLR, PLR, PNI, SII, and SIRI were determined by ROC analysis. The correlations between SIRI and clinicopathologic variables were analyzed by Pearson Chi-squared test. Cox regression methodology was used for univariate analysis. Variables with statistical significance in univariate analysis were further analyzed in multivariate Cox proportional hazard regression model. Survival curves were plotted according to the Kaplan-Meier method and differences between subgroups were compared using the log-rank test. All tests were two-sided and P-values <0.05 were considered statistically significant.
Results
Patient clinicopathologic characteristics
Baseline clinicopathologic characteristics of all enrolled patients are shown in Table 1 . Of these patients, 371 were included in the training cohort and 310 were included in the validation cohort. In the training cohort, the median OS and RFS were 19.4 months and 9.4 months. The OS and RFS rates were 74.1% and 41.5% at 1 year, 41.9% and 22.3% at 2 years, and 24.2% and 18.8% at 3 years, respectively. There were 224 males and 147 females, with a median age of 62 years (range, 35-84). A total of 223 patients had pancreatic head cancer, whereas the remaining had tumors located at the body or tail of the pancreas. According to the AJCC 8th edition, 150 patients were diagnosed with stage I tumor, 186 with stage II tumor, and 35 with stage III tumor. A normal level of preoperative serum CA19-9 was observed in 81 patients and 298 patients received postoperative chemotherapy.
In the validation cohort, the median OS and RFS were 25.0 months and 10.9 months. The OS and RFS rates were 85.4% and 47.5% at 1 year, 52.5% and 24.7% at 2 years, and 26.2% and 19.2% at 3 years, respectively. This cohort included 164 males and 146 females, with a median age of 60 years (range, 34-82). There were 156 patients with pancreatic head cancer and 154 patients with pancreatic body or tail cancer. The number of patients classified into stage I, II, and III was 119, 146, and 45, respectively. Elevated preoperative serum CA19-9 was observed in 243 patients and 256 patients received postoperative chemotherapy.
Correlations between SIRI and clinicopathologic parameters
As shown in Table 1 , patients were stratified into low SIRI group (≤0.69) and high SIRI group (>0.69) according to the cutoff value of SIRI. High SIRI group was 66.8% (248 out of 371) in the training cohort and 59.4% (184 out of 310) in the validation cohort. Significant positive correlations were found in the training cohort and further confirmed in the validation cohort between high level of SIRI and male gender (P=0.011 and P=0.002), high level of NLR (both P<0.001), high level of PLR (both P<0.001), and high level of SII (both P<0.001). In addition, we also found that patients with high level of SIRI were more likely to have pancreatic head tumor (P=0.004) and advanced TNM stage (P=0.033) in the training cohort.
Prognostic significance of SIRI in the training cohort
Results of univariate analysis showed that tumor size, lymph node metastasis, TNM stage, tumor differentiation, vascular invasion, preoperative serum CA19-9, postoperative chemotherapy, NLR, PLR, SII, and SIRI were 
Prognostic significance of SIRI in the validation cohort
The prognostic value of SIRI was further verified in an independent validation cohort of 310 patients. The results were similar to those obtained from the training cohort. High level of SIRI was associated with both poorer OS (HR =2.141, P<0.001) and RFS (HR =1.831, P<0.001) (Table 2, Figure 1 ). The median OS and RFS were 30.6 and 16.7 months for patients with SIRI ≤0.69 and 21.1 and 9.5 months for patients with SIRI >0.69, respectively. The 1-, 2-, and 3-year OS rates for patients with low level of SIRI and patients with high level of SIRI were 89.6%, 65.6%, 40.6% and 82.0%, 42.0%, 10.6%, respectively, while the 1-, 2-, and 3-year RFS rates were 60.7%, 34.9%, 26 Prognostic value of SIRI in CA19-9 negative and early-stage PDAC patients
We further analyzed the prognostic efficiency of SIRI in CA19-9-negative and early-stage subgroups of patients. CA19-9-negative patients referred to those with normal level of preoperative serum CA19-9 (≤37 U/mL) and earlystage patients referred to those stratified into stage I according to TNM staging system of the AJCC 8th edition. In the training cohort, we found that a high SIRI score was significantly correlated with poor OS and RFS, both in the CA19-9 negative (HR =2.102, P=0.012 and HR =1.936, P=0.017) and early-stage subgroups (HR =2.247, P<0.001 and HR =1.735, P=0.006) (Figure 2) . The prognostic significance of SIRI for OS (HR =2.584, P=0.036 in CA19-9-negative subgroup and HR =1.916, P=0.040 in early-stage subgroup) and RFS (HR =2.875, P=0.002 in CA19-9-negative subgroup and HR =1.677, P=0.031 in early-stage subgroup) remained in the validation cohort (Figure 3 ).
Prognostic value of SIRI in patients who received postoperative chemotherapy
Kaplan-Meier survival curves for patients who received postoperative chemotherapy stratified by SIRI are shown in Figure 4 . In the training cohort, patients with SIRI >0.69 had a median OS and RFS of 19.3 months 
Discussion
Despite the rapid progress in surgical technique and adjuvant therapies, most pancreatic cancer patients remain at risk for local recurrence, distant metastasis, and short survival. Cancer-related inflammation is recognized as the seventh hallmark of cancer, and it has a close relationship with carcinogenesis and tumor progression. 5 Many studies have proved that inflammatory scores based on circulating immune and inflammatory cells, such as NLR and PLR, can improve the accuracy of survival prediction. 20, 21 A novel inflammation-based index, SIRI, first described by Qi et al, showed its prognostic value in advanced pancreatic cancer patients who received palliative chemotherapy. 10 After that, several studies reported Abbreviations: OS, overall survival; RFS, recurrence-free survival; CA19-9, carbohydrate antigen 19-9; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional index; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index. Abbreviations: OS overall survival; RFS, recurrence-free survival; CA19-9, carbohydrate antigen 19-9; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; NA, not adopted. that SIRI also had prediction ability in esophageal cancer, gastric cancer, and nasopharyngeal cancer. [11] [12] [13] However, there is lack of data to support the significance of SIRI in patients with operable PDAC. In the present study, we demonstrated that SIRI was a significant prognostic indicator for postoperative OS and RFS in PDAC patients after radical surgery in two independent cohorts. Multivariate analysis also identified SIRI as the only significant inflammatory score compared with other scores. Therefore, this preoperative, noninvasive, and easily accessible index has the potential to become a useful biomarker in survival prediction and further helps clinicians make the optimal treatment strategy. Besides being a prognostic indicator, the index SIRI may also have potential values in guiding individualized therapy in pancreatic cancer. The rapid progress of immunotherapy makes it urgent to find immune-specific biomarkers. Some inflammatory indexes, such as NLR, have been demonstrated to be correlated with the response to immunotherapy in melanoma patients. 22 Investigation of the potential predictive value of SIRI in pancreatic cancer may help clinicians identify those who are likely to benefit the most from immunotherapy. In addition, neoadjuvant chemotherapy is increasingly being employed for borderline resectable pancreatic cancer. As previously reported, high level of NLR was more frequently observed in pancreatic cancer patients who responded poorly to neoadjuvant chemoradiotherapy compared with those who had positive responses. 23 This indicates that SIRI may also serve as a candidate biomarker in predicting response to neoadjuvant therapy in patients with pancreatic cancer. At present, TNM staging is regarded as the gold standard in survival prediction and treatment option. However, precise evaluation of TNM staging can only be obtained after surgery, and prognostic heterogeneity generally exists among patients with the same TNM stage. Increasing evidence suggests that not only the intrinsic histopathologic features of the tumor, but also the host-related factors, are associated with the clinical outcomes of the patients. Combination of TNM staging and SIRI might be important for accurate prediction of patient survival and recurrence. In clinical practice, it is difficult to predict which patient will have recurrence after surgery, especially those with early-stage diseases, such as TNM stage I patients. When stratified patients according to TNM stage, we found that the prognostic ability of SIRI was still strong in stage I patients. CA19-9 is currently the most widely used tumor biomarker in the diagnosis and treatment of pancreatic cancer. However, prognosis for patients with constantly normal level of CA19-9 is usually difficult. We further investigated the prognostic value of SIRI in patients who had normal level of CA19-9 and found that those with higher SIRI had significantly poorer OS and RFS, both in the training cohort and in the validation cohort. Collectively, our results demonstrated that SIRI is a powerful prognostic biomarker, especially for patients with early-stage diseases and nonelevated CA19-9 levels.
The clinical utility of SIRI may provide more accurate prognostic information and assist clinicians with postoperative surveillance and management. For the sake of reducing local recurrence and prolonging survival, postoperative adjuvant chemotherapy has been extensively carried out in the treatment of pancreatic cancer, yet the effect was inconsistently reported among different clinical trials. [24] [25] [26] In our study, we confirmed that it was necessary for patients to receive adjuvant chemotherapy, as adjuvant chemotherapy was an independent protective factor demonstrated by multivariate analysis. On subgroup analysis, the median OS and RFS were both longer in patients with low SIRI compared with patients with high SIRI who had received postoperative chemotherapy. This result was in accordance with a previous report that the improvement in postoperative survival with adjuvant chemotherapy was abolished by persistent inflammatory response. 27 Identifying appropriate candidates for adjuvant chemotherapy with SIRI may help improve the treatment efficacy and clinical outcome. Interpretation regarding this study is limited by its retrospective nature and single-center data, which may cause selection bias. The cutoff value of SIRI proposed by our study may not be suitable for other institutions. In addition, we only enrolled patients who had received radical surgery, without considering inoperable patients or the influence of different postoperative chemotherapeutic regimens. Future well-designed, prospective, and randomized controlled clinical trials are requested to further verify the value of SIRI before it can be adopted in routine practice.
Conclusion
In conclusion, this was the first report to demonstrate that preoperative SIRI qualified as a simple and powerful prognostic indicator in PDAC patients after radical surgery. Clinical utility of SIRI can be helpful in prognostic prediction and treatment response surveillance. Larger prospective studies are needed to verify the preliminary results obtained in the present study.
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